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 Abstract: EBs formation is the most common method for initiation of mouse ES cells differentiation in 
vitro. The aim of the study was to compare the efficacy of two methods of EBs generation in inducing the 
differentiation towards cardiomyocytic  and neuronal lineages. The mouse ES cell KA1/11/C3/C8 with normal 
caryotype was employed to generate EBs in two variants: the hanging-drop and the suspension culture 
procedures. After two days (‘2) the EBs were obtained, harvested and plated on four gelatin treated 24-wells 
tissue culture plates to which a cover slip/well was added. In two plates the EBs were grown in cardiomyocyte 
differentiation medium IMDM supplemented with MTG. Seven days after plating (‘2 + 7 d’) the EBs from the 
hanging-drop method exhibited areas of cardiac cells pulsing in a synchronous rhythm. The EBs obtained from 
the suspension procedure were smaller, unequal in size, and the contracting cells were observed later and shown 
uneven pulsing. On the other two plates, the EBs received a supplement of RA to the culture medium (4x, each 
time when medium was changed) in order to induce neuronal differentiation. Synaptic networks of neuronal cells 
were noticed in the case of EBs from suspension where these appeared from the 12th day in culture (‘2 + 12 d’), 
compared to hanging-drop EBs that did not differentiate such networks at all. Immunocytochemical staining 
showed the presence of specific cell antigens such as titin (not shown here) for the cardiomyocytes and beta III 




 Mouse embryonic stem (ES) cells established from early embryos (3.5 day blast cysts) 
are pluripoten, and proliferate indefinitely in vitro in an undifferentiated state. Pluripotency is 
the versatile quality of ES cells that allows them to develop into any cell types of the adult 
animal. Being capable of unlimited self-renewal, ES cells provide an infinite source of 
differentiated cells for tissue-engineering and cell-based regenerative medicine (R.I  Freshney 
,2004). 
 Moreover, mouse ES cells offer an essential tool for gene targeting, one of the most 
powerful methods of genetic engineering (Madarasz E., 2004). The mouse model of 
experimentally induced DNA changes via  the genetic engineering of mouse ES cells gives 
justified hopes for determining the function of certain sequences of interest in the context of a 
whole organism, its role in disease, and the generation and testing of new therapies.( J. 
Heschler and al. 1997) 
 The origin of embryonic stem cells is the blastocyst which consists of an internal or 
inner cell mass (ICM) inside the blastocel that is surrounded by the trophoblast cells along the 
periphery (Gocza E., 2004). 
 From the ICM will develop later the fetus. While from trophoblast will emerge the 
embryonic membranes and placenta. The mouse ES cells are originating from the ICM of 3.5 
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day-old blastocytes. At this pre-implantational stage, the mouse blastocyst is made of around 
150 cells, out of which the ICM contains only around 32. 
 Once in culture, the mouse ES cells can be propagated under specific conditions, an 
innumberable passages, maintaining throughout a stable normal karyotype. These cells can 
spontaneously differentiate in vitro and form aggregates shaped as spheroid colonies called 
embryoid bodies (EBs).  EBs are made of mixed cell types, and the distribution and timing of 
the appearance of specific cell types corresponds to that observed within the similar age 
embryo.   
 The spontaneous differentiation tendency can be regulated and controlled by the use of 
certain growth factors that will induce specific route of differentiation towards specific 
tissues. In vitro differentiation can be initiated either by EB formation in suspension, or by 
two-dimensional culturing on a differentiation-induction layer (matrix or feeder). To produce 
EBs, the mouse ES cells aggregates are cultured either within hanging-drops followed by their 
cultivation in Petri dishes, or in suspension (i.e. using a non-adherent dish). 
 The purpose of this study was to monitor the in vitro conditions that favour 
differentiation of mouse EBs into cardiomyocytes and neurons. 
 
MATERIAL AND METHOD 
 
 For in vitro differentiation procedures, mouse ES cell line KA1/11/C3/C8 with normal 
caryotype (14th passage) was employed. This is a knock out line obtained from transgenic 
mice. Cells were frozen in May 2006 and kept in liquid nitrogen prior experimentation. 
 Before mouse ES cells were set in culture, the plates were covered with a feeder 
Balb+/- fibroblasts, mitomycin C-inactivated layer (Fig. 1). In June 2006 cells were thawed 
and after two passages and 4 days in culture (Fig.2.), production of cells aggregates and EBs 
was induced using either hanging-drops, or cell suspension in Petri dishes. 
 
               
          Fig.1. Feeder layer: Balb+/- mouse embryonic  Fig. 2. Mouse ES cells KA1/11/C3/C8 in  
                fibroblasts, mitomycin C-inactivated              suspension on feeder layer 
 
 As differentiation medium the IMDM (Gibco) medium supplemented with 0.6 m/m% 
penicillin, 1  m/m% streptomycin and 20v/v% FCS was employed. MTG (monothyoglycerol) 
3 µl/ml was always freshly added to the differentiation medium. After the four-days culture, 
the cell suspension was adjuted to 2x104 cells/ml in IMDM medium. From this suspension, 
three Petri dish covers with 70 hanging-drops (a drop of 20 µl contained approx. 400 mouse 
ES cells) and one suspension Petri dish ( approx 3 ml cell suspension) were set in culture for 
two days (‘2 d’). Cell aggregates were observed after 5 – 6 hrs , while EBs were 
morphologicaly completed after 2 days, by either procedure (Fig. 3). The second step was to 
plate the EBs on a geltin-coated surface for 17 days (‘2 + 17d’). Best EBs from the hanging-
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drops and from the cell suspension were separately harvested and pooled EBs from each 
variant were further grown on 24-well tissue culture dishes. Prior cultivation of EBs, a 
rounded shaped histologic cover slip was introduced within each well in order to later perform 
immuno-staining. All culture dishes so prepared, were gelatin-coated before addition of EBs. 
For cardiomyocytes differentiation, 48 EBs were further plated in two 24-well tissue culture 
plates within IMDM medium/MTG. Every second day the medium was changed for 17 days.  
For neurogenic differentiation, 48 EBs were further plated in two 24-well tissue culture plates 
within IMDM medium/MTG and 10-4M retinoic acid (RA). Every second day the medium 
was changed for 17 days, but RA was added in the first four changes only.                            
 
       
 
Fig. 3. EBs were produced after two-days culture (‘2), either in hanging-drops, or in suspension.. 
 
 Immunocytochemical examination was aimed to identify tissue-restricted proteins for 
the two differentiated lineages: titin as a cell-specific antigen for cardiac and skeletal muscle, 
(Anna M. Wobus  and al.,2005), beta III tubuline for the neurogenic differentiation (Bouhon 
A. Isabelle and al. 2005), cytokeratin Endo-A (TROMA) for the presence of mesenchymal 
progenitor cells, Oct-4 for the presence of the undifferentiated ES cells. 
 Briefly, the EBs were fixed for 10 min with 4% paraformaldehyde , washed 3x with 
PBS, 5 min with 0.1% Triton X-100, 24 hrs within the blocking solution at 4°C , followed by 
3 PBS washings. 
 The primary antibodies (Ab) employed were: 
 Mouse IgG anti beta III tubulin (Promega) 1:2000 
 Mouse IgM anti Titin (Hibridoma) 1:3 
 Goat IgG ani Oct4/3 (RD-SYS) 1:10 
 Mouse IgG2a anti Cytokeratin Endo-A (Hibridoma) 1:3. 
 After 24 hrs at 4°C, the EBs were washed 3x with PBS and the labelled (secondary 
Ab) were added for 1 hr at 37°C. In every plate with different treatments two controls were 
always set, using the AW-PBS solution instead of immuno-reagents.  The secondary Ab were: 
 Anti mouse IgG-Cy3 for the betaIII tubulin and TROMA 
 Anti mouse IgM-FITC for Titin 
 Anti goat IgG-Cy3 for Oct4/3 
 The immunostaining was performed according to the recommended manufacturers’ 
instructions. Following the elimination of unbound secondary Abs by 3x PBS washings, the 
EBs were Hoechst stained for 10min at room temperature, 2x PBS washed and then washed 
with double distilled water. Cover slips with immunostained EBs were recovered and placed 





RESULTS AND DISCUSIONS 
 
 Cardiomyocytes differentiation: from the 7th day of plating(`2+7d`), individual EBs 
showed pulsatile contractions in a synchronous rhythm (table 1 and graphic N°1). Best 
contracting cells were noticed within the EBs grown in IMDM medium form the hanging-
drop variant (Fig. 4), compared to EBs from suspension culture (Fig. 4). The EBs from the 
suspension variant were on average smaller and pulsing was retarded and uneven compared to 
the hanging-drop variant. In the RA treated plates the overall contractions of EBs were 
present, but at a lower frequency than in the IMDM medium, while contractions within EBs 
from suspension culture were only seldom noticed. 
 














IMDM + RA 
Suspension 
culture 
‘2 + 7 d’ 47,82 25 0 0 
‘2 + 8 d’ 78,26 50 47,82 0 
‘2 + 9 d’ 91,3 62,5 65,21 0 
‘2 + 10 
d’ 
91,3 62,5 65,21 0 
‘2 + 11 
d’  
95,65 83,33 91,3 17,39 
‘2 + 12 
d’ 
95,64 83,33 91,3 17,39 
‘2 + 13 
d’  
95,65 87,33 91,3 17,39 
‘2 + 14 
d’  
95,65 87,5 91,3 17,39 
‘2 + 17 
d’ 
86,95 76,19 91,3 17,39 











































Fig. 4 Cardiac pulsing myocytes observed under an epithelial layer as darken areas on an EB (unstained) plated 
from the hanging-drop variant (‘2 + 14 d’) 
 
 Neuronal differentiation was clearly seen under the RA treatment and best results were 
obtained from the EBs produced in suspension. The neuronal inductive influence of RA 
treated EBs was earlier reported by Strübing and al (1995). Committed neuronal lineage were 
observed in EBs from the suspension variant 12 days after plating (‘2 + 12 d’). Specific 
morphology of neuronal cells and the networks of  synaptically coupled cells are clearly seen 
by immunocytochemical detection of  beta III tubulin (Fig. 5) and cytokeratin Endo-A (Fig. 6) 
 
                 
 
Fig. 5. Immunocytochemical detection of  beta          Fig. 6 Immunocytochemical detection of  cytokeratin  
     III tubulin by fluorescent labeled antibodies                               Endo-   A (TROMA) 
                  (for details see text)                                                                                          
    
 However, within EBs there were  present several undifferentiated, pluripotent cells 
expressing the Oct-4 marker (Fig. 7) 
 
 
Fig. 7. Immunocytochemical detection of  cell surface antigen Oct-4 by fluorescent labeled antibodies (for 






• Hanging-drop method provides a practical way of generating single EBs from a 
defined number of cell.EBs from the suspension culture method were smaller and 
unequal in size, compared to the hanging-drop procedure. 
• Cardiomyocytes begun to contract spontaneously seven days after plating of EBs (‘2 + 
7 d’). They were localized between an epithelial and a bazal mezenchimal layer. 
• The hanging-drop method showed better results in obtaining cardiomyocytic 
differentiation. Pulsatile contractions had a more synchronous rhythm than those seen 
in EBs obtained within suspension culture method, where pulsing cells appeared later, 
had a lower frequency and were eneven. 
• When RA was added to the culture, contractions occured in EBs obtained by the 
hanging-drop method later then without RA (‘2 + 8 d’), while in EBs obtained by 
suspension method contractions appeared later (‘2 + 11 d’) and less frequently 
(17.39%). 
• Addition of RA induced committed neuronal lineage seen in EBs from the suspension 
variant 12 days after plating (‘2 + 12 d’). The synaptic networks of neuronal cells were 
best developed in EBs from suspension, compared to those observed in EBs from 
hanging-drop method. 
• Immunocytochemical detection of specific cellular antigens proved the specificity of 
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